Introduction
Glotzer et al. 1 described the development of an inflammatory process in the mucosa of colon segments without fecal stream for the first time. They gave the name "diversion colitis" to this new form of intestinal inflammatory disease. Since this initial description, studies have been demonstrating that the etiopathogenesis of diversion colitis is probably related to intraluminal deficiency of short-chain fatty acids (SCFAs), which are the main energy substrate for colon epithelial cells 2, 3 . There are controversies regarding histopathological analyses on colon mucosal segments that have been excluded from the fecal stream. This demonstrates that the disease follows its course with a variety of changes and that there is no characteristic pattern [2] [3] [4] . The most common finds include epithelial erosions or ulcerations, decreased length or modified architecture of the colon crypts, inflammatory infiltrate, diffuse nodular lymphoid hyperplasia, vascular congestion of the submucosa and depletion of the number of caliciform cells, with consequent modifications to the production of mucins by the mucous epithelium [2] [3] [4] . The mucous layer covering the colon epithelium is the first line of defense against invasion of the intestinal wall by bacteria and antigen that are present in the intestinal lumen 5 . Most of the protective effect provided by the mucous layer relates to the presence of mucins, which are the predominant glycoproteins in the chemical composition of this layer 6, 8 . Briefly, the mucosa of the digestive tract produces two main types of mucins, represented by neutral and acid mucins 7 . Acid mucins are composed of sulfomucins and sialomucins 6 . Neutral mucins are expressed in greater quantities in the more cranial portions of the digestive tract and, going towards the colon, the predominant tissue expression changes to acid mucins.
It has already been demonstrated that the capacity of the colon epithelium for mucin synthesis depends on adequate supply of SCFAs 7 . Recent studies have shown the importance of maintaining the supply of SCFAs, particularly butyrate, in order to have adequate gene expression relating to mucin formation 8, 9 . The proportions between sulfomucins and sialomucins is usually constant in the mucosa of normal colon tissue, but may undergo changes in various illnesses 6, 10 . In has already been demonstrated that there is a notable increase in the tissue expression of sialomucins in the dysplastic colon mucosa of patients with ulcerative colitis 11 . Some authors consider that this change in the inflamed epithelium might precede the development of neoplasia, thus making it useful to investigate the tissue expression of mucins, in order to evaluate the risk of malignant transformation 12 . This evidence is corroborated by the results from experimental studies that demonstrated increased sialomucin production in colon mucosal cells in segments without fecal stream that were used to reconstruct the urinary transit 13 . Since patients who undergo ureterosigmoid diversion present a greater risk of developing neoplasia, it is possible that modifications to the tissue expression of mucins might also be considered in such patients to be a potential histological marker capable of predicting the risk of developing neoplasia 14, 15 . Despite the clinical, endoscopic and histopathological similarities between ulcerative colitis and diversion colitis, the appearance of neoplasia in segments excluded from the fecal stream in patients undergoing intestinal diversion due to diseases other than inflammatory intestinal disease is exceptional. It is possible that the tissue expression of acid mucins in cases of diversion colitis occurs differently from what happens in patients with ulcerative colitis.
To the best of our knowledge, only a single study has evaluated the changes to acid mucin expression in colon segments without fecal stream 6 . In that study, modifications relating both to location and to tissue content of acid mucins were found, with decreased production of sialomucins, i.e. the inverse of what is seen in ulcerative colitis 6 . However, in that study, the tissue quantification of acid mucin content was determined subjectively, and no analysis method that might have allowed precise determination of its real concentration in the colon epithelium was used 6 .
With the advent of computer-assisted image analysis software, it has become possible to objectively quantify the tissue expression of various proteins, stained using histochemical or immunohistochemical techniques 16, 17 . With this method, it has become possible to quantify the expression of sulfomucins and sialomucins in the colon mucosa more precisely, thereby observing changes in total acid mucin content and the influence of the duration of exclusion, by comparing segments with and without fecal stream. Through the use of an objective method for tissue quantification, it might be possible to confirm the particular characteristics of the expression of acid mucin subtypes in colon segments without intestinal transit.
The aims of the present study were to quantify the tissue sulfomucin and sialomucin content in the colon mucosa, by means of computerized morphometry, comparing segments with and without fecal stream, and to investigate the relationship with the duration of colon exclusion. Forty-five male SPF Wistar rats (Rattus norvegicus albinus) from the Multidisciplinary Center for Biological Investigation of the State University of Campinas (CEMIB-UNICAMP) were used. They weighed between 300 and 380 grams and their mean age was four months. They were distributed randomly into three experimental groups of 15 animals, of which 10 were subjected to colon diversion (experimental subgroup) and five were only subjected to laparotomy, without colon diversion (control subgroup). The three experimental groups were formed according to the sacrifice date, which was to be performed six weeks after the surgical procedure (Group A), 12 weeks (Group B) and 18 weeks (Group C).
Methods

This
On the day before the surgical procedure, the animals were kept in individual cages, under fasting conditions (except for water), for 24 hours. After being individually identified, they were weighed and anesthetized using 2% xylazine hydrochloride plus ketamine hydrochloride, at a dosage of 0.1 ml/100g, administered intramuscularly. The abdominal cavity was accessed by a median longitudinal incision of three centimeters in length, and the left colon was identified. With the aid of a pachymeter and after ligature of the vessels of the marginal arcade, the left colon was sectioned four centimeters above the proximal extremity of Peyer's patch. After removing any fecal content that might have been present, the proximal segment of the left colon was brought to the exterior as an end colostomy, attached to the skin. The distal segment of the sectioned colon was catheterized using a 12F polyvinyl probe and was irrigated with 0.9% physiological solution until the effluent draining out through the animal's anus no longer included any fecal material. After this irrigation, the catheter was removed and the distal colon was brought to the exterior as a distal mucous fistula on the lower left lateral face of the abdominal wall. The abdominal wall was closed as two sutured layers (peritoneum and aponeurosis). After concluding the operation, the animals were housed in individual cages and were allowed to have water and standard feed, once they had recovered movement. They remained in a climate-controlled environment, with temperature and lighting regulation, and they were weighed every week. No additional care was provided with regard to the operative wound and the stoma that had been constructed.
For sacrificing, the animals were kept fasting for 24 hours, except for water. They were again anesthetized, using the same technique as described earlier, and underwent median laparotomy to remove all the colon segments with and without fecal transit. To ensure uniformity in the histological analysis, the specimens (measuring three centimeters in length) were always collected from a predetermined location, one centimeter from the internal attachment of the stoma on the parietal peritoneum. The resected colon segments with transit from each animal were taken as the control group for the alterations to the colon without transit, in order to avoid the influence of weight gain on any histological changes that might be found. The sacrifice was carried out by means of a lethal dose of anesthetic drug.
The colon segments that were removed were opened up longitudinally along the antimesocolic edge. They were then laid out and pinned on a flat cork surface with the mucous surface uppermost. The mounted specimens were then stored in flasks containing 10% formaldehyde solution for 72 hours. Following this, the material was embedded in paraffin blocks and longitudinal sections of 4 µm in thickness were cut perpendicularly to the mucous surface, in order to carry out histopathological and morphometric analyses. Two slides from each colon segment in each experimental group (colon with and without fecal stream), along with slides from the control subgroup animals, were stained using the hematoxylin-eosin technique. The diagnosis and degree of inflammation of the exclusion colitis were established in accordance with a scale that had previously been validated (Chart 1) 18 . To identify the acid mucins (sulfomucins and sialomucins), the slides were stained using the histochemical technique of high iron diamine-alcian blue (HID-AB), in accordance with the standardized methodology 14 . In summary, the slides were deparaffinized in two successive xylol baths for 10 minutes, given an alcohol rinse in three successive baths of pure alcohol and then hydrated in running water for five minutes. After this step, they were washed in three successive baths of distilled water and were then exposed to high iron diamine (HID) for six hours. The HID solution was made up of 120 mg de NN-dimethyl-metaphenylenediamine-dihydrochloride, 20 mg de NN-dimethylparaphenylenediamine-dihydrochloride, 50 ml of distilled water and 1.4 ml of a recently prepared solution of 60% ferric chloride. At the end of the staining with HID, the sections were washed in running water for five minutes and then in three successive baths of distilled water. Following this, they were exposed to the staining agent alcian blue (AB) for 10 minutes and then washed in running water for five minutes and three successive baths of distilled water. The 1% AB staining medium was prepared in acetic acid (pH 2.5). At the end of this step, the slides were counterstained with neutral red for eight minutes and again washed in running water. They were then dehydrated in three successive baths of pure alcohol and diaphanized in three baths of xylol, and cover slips were mounted using resin. Through the HID-AB technique, it was seen that the sulfomucins stained brown while the sialomucins stained blue.
Degree of inflammation
The slides were read under an ordinary optical microscope at a final magnification of 200x. The histological abnormalities were analyzed with regard to the presence of colitis, in accordance with the proposed grading scale, by a pathologist experienced in diseases of the digestive tract who was unaware of the origin of the material or the objectives of the study.
The expression of sulfomucins and sialomucins was quantified by means of computer-assisted image processing and this was always done in a field in which at least four complete contiguous colon crypts were present. The image selected was captured using a video camera coupled to the optical microscope. This image was then processed and analyzed using the NISElements software, which was installed in a microcomputer with a high image processing capacity. By means of colored histograms, the software determined the color intensity of each area selected for measurement and transformed the color chosen into a percentage numerical expression, for each field of view selected ( Figure 1 ). The final values taken for the segments with and without intestinal transit were the mean values found from evaluating three different fields.
A B The statistical analysis on the results obtained was performed by taking a significance level of 5% (p < 0.05). The data obtained from each colon segment analyzed, in each experimental group, were expressed as mean values with the respective standard deviation and were analyzed using the SPSS for Windows statistical software (version 13.0). To compare inflammation scores between the control and experimental group animals (segments with and without fecal transit), the MannWhitney test was used. To compare the tissue sulfomucin and sialomucin content between the segments with and without fecal stream, Student's t test was used. To analyze the variance in sulfomucin and sialomucin expression between the different experimental groups, the ANOVA test was used and, when the result was significant, the Newman-Keuls post-test was used. Figure 2 shows that the inflammation grading score was greater in the segments without fecal stream than in the segments with transit or in the animals of the control subgroups, independent of the duration of exclusion. These values became significant after 12 and 18 weeks of intestinal exclusion.
Results
From analysis on the acid mucin expression pattern across the colon crypts in the segments with fecal stream, it was found that the sialomucins were concentrated in the deeper portions of the colon crypts, while the sulfomucins were in the upper portions. 
B A
In the segments without fecal stream, the sulfomucins became present throughout the colon crypts, and there was a marked reduction in sialomucin expression, independent of the duration of fecal exclusion (Figure 3) . Table 1 shows the means and respective standard deviations of the variations in sulfomucin and sialomucin percentages quantified in the colons with and without fecal stream, for the different durations of exclusion. It can be seen that
Discussion
The main function of mucus is to serve as protection for the epithelial cells of the intestinal mucosa, against aggression caused by enzymes, antigens and bacteria that are present in the intestinal lumen 9, 14 . The protective effect of the mucus is related to the presence of mucins, which are predominantly glycoproteins in their composition. In addition to providing mechanical protection, they present bactericide properties 7, 8 . Breakage of the protective barrier or mucus, as occurs in inflammatory intestinal diseases, allows invasion of bacteria through the epithelial surface 7, 8, 19 . The mucin molecules produced along the whole length of the digestive tube are composed of glycid and protein fractions. Regarding the protein fraction, mucins of the subtype MUC2 are the ones most often found, although the subtypes MUC1, MUC3 and MUC4 may also be expressed in smaller quantities 9 . Regarding the glycid fraction, mucins belong to two main histochemical groups: neutral and acid mucins 20, 21 . The glycid fraction of neutral mucins is rich in glycogen and these mucins are usually found in the stomach and small intestine. However, they may also be identified at lower concentrations in the large intestine, particularly in the cecum and proximal colon 21 . Acid mucins are represented by two main subtypes: sulfomucins, which are rich in sulfate radicals in their glycid fraction; and sialomucins, which are rich in sialic acid. Acid mucins are expressed along the whole length of the colon mucosa, but with greater predominance in the mucosa of the colon and rectum 21 . Both in humans and in rats, sulfomucins differ from sialomucins in terms of their quantities and locations in the colon crypts, considering the different segments of the large intestine 21, 22 . In the present study, with the aim of ensuring that the analysis on the expression pattern and tissue content was always performed on the same segment of the colon, the colon fragments were always taken from a preestablished location.
The capacity for mucin synthesis shown by the caliciform cells of the colon mucosa depends on an adequate supply of energy substrate 9, 10, 22 . SCFAs, which are produced from fermentation of dietary fibers caused by anaerobic bacteria in the intestinal lumen, represent 90% of all the energy supplies used by the epithelial cells of the colon mucosa 23 . SCFAs modulate both cell proliferation and local immunity and they have an important role in relation to the integrity of the colon epithelium 24, 25 . Reductions in the supply of SCFAs, as occurs during intestinal diversion operations, are accompanied by morphological and functional changes, thereby causing reductions in protein synthesis capacity 26 . The mechanisms through which shortages of SCFAs lead to lower capacity for mucin production are still not completely clear 9, 27 . Studies have shown that intestinal diversion reduces the quantities of dietary fiber and modifies the bacterial populations in the segment excluded and it decreases the production of SCFAs, thereby causing a state of nutritional deficiency for the cells of the colon mucosa [28] [29] [30] . This nutritional deficiency reduces the mucin synthesis capacity of these cells 8 . Reinforcing this evidence, studies have shown that administration of SCFA enemas increases the mucin synthesis capacity of the colon mucosa cells, while administration of enemas containing sodium bromo-octanoate (a powerful inhibitor of SCFA metabolization) completely blocks mucin synthesis and causes the appearance of colitis 8, 29 . Recent research has also demonstrated that shortages of SCFAs greatly reduces the expression of the MUC-2 gene, which is the main agent responsible for transcription of the protein fraction of colon mucins 9, 10 . The MUC-1, MUC-3 and MUC-4 genes also present lower expression in the absence of butyrate, thus giving rise to an even greater decrease in glycoprotein production 9, 10 . Abnormalities of mucin secretion, composition and the sulfomucin content in the excluded colon had increased significantly after 18 weeks of intestinal exclusion. Inversely, the tissue sialomucin content presented a significant reduction after 18 weeks of fecal exclusion.
distribution pattern in the intestinal epithelium have been demonstrated in various diseases that affect the colon [11] [12] [13] . Studies using biochemical, histochemical and immunohistochemical techniques have demonstrated that, in the different forms of colitis, abnormalities occur not only in the tissue content but also in the expression pattern of mucins along the crypts of the colon mucosa 21, 22, [30] [31] [32] [33] . These findings have made it attractive to hypothesize that the etiopathogenesis of ulcerative colitis might be related to changes in mucin production in individuals with predisposing factors, or to changes caused by intraluminal factors 8 . It has been shown that deviation of the fecal transit in rats causes histological changes that are identical to those that occur in the human colon. Thus, rats are the animals most used as experimental models for exclusion colitis 5, 6, 9, 10 . Such studies have demonstrated reduced thickness of the colon crypts, epithelial ulcerations, vascular congestion of the submucosa, greater neutrophil infiltration, changes to caliciform cell populations and histological abnormalities. These changes make it possible to diagnose diversion colitis 5, 6, 37 . In the present study, we used an experimental model that had been described previously, in which intestinal diversion was performed by means of constructing a proximal terminal colostomy, with diversion back into the distal segment through a distal fistula in the mucosa 37 . This experimental model was chosen because we believed that intestinal diversion through the use of loop colostomies would not ensure complete exclusion of the fecal stream 6 . With the aim of ensuring that the experimental model adopted would be capable of causing inflammation to appear in the colon mucosa of the segments excluded from the transit, we preferred to use an inflammation grading scale that had previously been validated 19 . This allowed the main histological changes encountered to be considered together 19, 35 . The results showed that in the segments excluded from the fecal stream, there was a greater degree of inflammation than in the segments with transit preserved, independent of the duration of exclusion. We found that the degree of inflammation increased with increasing duration of exclusion. These histological results assured us that the model adopted was capable of producing inflammatory changes to the colon mucosa that would allow diversion colitis to be diagnosed.
To the best of our knowledge, no studies have quantified and only one has evaluated the expression pattern of acid mucins in experimental models for diversion colitis 6 . In that study, modifications relating to the expression pattern of acid mucins along the colon crypts were found, by comparing segments with and without fecal stream. It was observed that in the colon with transit, sulfomucins were found in the upper two thirds of the intestinal crypts and sialomucins in the lower third. It was also observed that with increasing duration of exclusion, tissue expression of sulfomucins predominated and these were found along the whole length of the colon crypts. Regarding sialomucins, it was observed that after six weeks of exclusion, the tissue content initially increased in the deepest part of the crypts, but that sialomucins had completely disappeared by the 18 th week of exclusion. The authors suggested that this disappearance was probably related to changes in cell turnover along the crypts, which came to present a greater population of immature cells that were only capable of producing sulfomucins 6 . In the present study, when we evaluated the expression pattern of each of the mucin subtypes individually, we found that the behavior in the colon with fecal stream was similar to what had previously been described 6 . In this colon tissue, sulfomucins predominated and were expressed in the upper two thirds of the colon crypts, while sialomucins were restricted to the lower third. This expression pattern along the colon crypts remained constant throughout the period of the experiment. In quantifying the tissue content of each of the subtypes, we found that the expression of both mucin subtypes presented small increases over the course of the experiment, thus reinforcing the importance of the SCFA supply for maintaining glycoprotein synthesis.
However, when we analyzed the colon without fecal stream, we found results differing from those previously described 6 . We observed that, after six weeks of fecal exclusion, there was already a significant reduction in sialomucin expression along the colon glands. This same distribution pattern was maintained after 12 and 18 weeks of fecal exclusion. In quantifying the tissue sialomucin content, we found a significant reduction in relation to the segments with fecal stream, independent of the duration of exclusion considered. The reduction in sialomucin content was related to the duration of exclusion and reached its lowest value after 18 weeks of exclusion. It is possible that the differences in sialomucin expression pattern over the first weeks of fecal exclusion were related to the experimental model used. Differing from the present study, others authors did not use any method of mechanical cleaning that would ensure complete elimination of fecal residues from the segment that was to be excluded from the fecal stream 6 . The presence of fecal residues rich in SCFAs in the excluded colon might have maintained the energy supply and, furthermore, the synthesis of sialomucins in a pattern close to that of the colon with preserved transit. This could perhaps explain the increased expression of sialomucins during the first weeks that those authors found. This possibility is likely to be more common than is supposed 31 . In the present study, when we performed mechanical cleaning of the distal colon before the intestinal diversion, we observed that formed feces came out through the anus of all of the animals in the experimental group 37 . It should also be noted that Keli et al. 6 evaluated the tissue content of the acid mucin subtypes subjectively, without using any technique that might have enabled quantification with greater precision. The marked reduction in sialomucins after six weeks of exclusion that we found in the present study suggests that the capacity for synthesizing this subtype of acid mucin seems to be more dependent on maintaining an adequate supply of SCFAs, or on the presence of a bacterial population capable of adequately metabolizing SCFAs.
In quantifying the tissue sulfomucin content in the colon mucosa without fecal stream, we also found a significant reduction in relation to the segment with transit preserved, independent of the duration of exclusion considered. However, we observed that the tissue sulfomucin content in the segments without fecal stream increased with increasing duration of exclusion. It is possible that this increase may be related to the presence of a greater population of cells capable of producing sulfomucins 6 . It has been shown in the literature that, among the various factors capable of stimulating protein synthesis by the colon epithelium, SCFAs have a prominent position 8 . Studies using microarray techniques to evaluate the importance of SCFAs (in particular butyrate) in relation to the expression of 19,400 genes have demonstrated that butyrate influences the expression of 221 genes that are specifically related to proliferation, differentiation and cell apoptosis processes 32 . SCFAs induce the expression of various genes that transcribe mucins, thereby increasing the expression of MUC-2 around twentyfold 9, 10, 33 . SCFAs increase cell metabolism by more than 80% and the production and secretion of mucins by the colon epithelium more than twentyfold 8, 33 . Experimental models that inhibit the oxidation of SCFAs or that use animals that have been silenced for the MUC-2 gene are capable of causing inflammation of the colon mucosa to appear, with histological similarities to diversion colitis 10, 27, 37, 34 . All these points reinforce the important role played by SCFAs in relation to the capacity of the colon epithelium to produce mucins and consequently to protect the mucosa against aggression coming from the intestinal lumen 8 . The results from the present study seem to confirm this evidence, given that we observed that the SCFA deficit that was caused by the intestinal deviation significantly decreased the total acid mucin content in tissue, mainly at the cost of sialomucins. In other words, the evidence confirms the importance of SCFAs regarding adequate production and maintenance of the first line of defense of the intestinal mucosa that is represented by the barrier of mucus that covers the colon epithelium.
The results also demonstrated that the expression pattern and production capacity of the two subtypes of acid mucin in cases of diversion colitis presented behavior that was in the inverse of what is seen among individuals with ulcerative colitis. The increasing incidence of colorectal cancer observed among individuals with ulcerative colitis in parallel with greater, more active and longer lasting inflammatory aggression suggests that other intraluminal factors may be involved in this distinct pattern of acid mucin expression. It is possible, comparing individuals with ulcerative colitis and those with diversion colitis, that the different tissue expression patterns exhibited by mucins may be related to a lower possibility of neoplastic transformation in segments that are excluded from the fecal stream because of diseases other than inflammatory intestinal diseases.
Conclusion
Changes in expression pattern and reductions in tissue acid mucin content occur in the mucosa of colon segments excluded from fecal stream, especially at the cost of sialomucins.
